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【Abstract】Objective:    To discuss the effect of
coupled external fixator and skin flap transposition on ex-
posed and nonunion bones.
Methods:    The data of 12 cases of infected nonunion
and exposed bone following open fracture treated in our
hospital during the period of March 1998 to June 2008 were
analysed. There were 10 male patients, 2 female patients,
whose age were between 19-52 years and averaged 28 years.
There were 10 tibial fractures and 2 femoral fractures. The
course of diseases lasted for 12-39 months with the mean
period of 19 months. All the cases were treated by the
coupled external fixator and skin flap transposition.
Results:    Primary healing were achieved in 10 cases
and delayed healing in 2 cases in whom the tibia was ex-
posed due to soft tissue defect and hence local flap trans-
position was performed. All the 12 cases had bony union
within 6-12 months after operation with the average time of
8 months. They were followed up for 1-3 years and all frac-
tures healed up with good function and no infection
recurrence.
Conclusion:    The coupled external fixator and skin flap
transposition therapy have shown optimal effects on treat-
ing infected, exposed and nonunion bones.
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Infected bone nonunion is a puzzled problem in thefield of orthopedics. Conventional therapies consistof eradication of focal lesion and plaster external
fixation, as well as internal fixation or autologus bone
transplantation after 3-6 months of infection control. The
time needed for the therapy is long. Moreover it often
induces adjacent joint dysfunction and has a high fail-
ure rate. In recent years, transplantations of musculo-
cutaneous flap or skeletal flap pedicled with vessels
have been used in these patients. However, this opera-
tion is complex, brings large invasion to the wound and
torture to the patients. Moreover the infection and ne-
crosis of the implanted bones or nonunion may happen.
We used external fixation to treat 12 cases of infected
bone nonunion and the results were proved satisfactory,
which is reported as follows.
METHODS
Demography of patients
From March 1998 to June 2008, 12 cases of bone
nonunion were treated in our hospital. There were 10
men and 2 women with the age ranging from 19-52 years
(mean 28 years). There were 10 tibial fractures and 2
femoral fractures. The course of disease was 12-39
months (mean 19 months). All the nonunions were
caused by open fracture and infection.
Treatment
All the patients received antibiotics treatment for 7-
10 days before and after operation. Patients were given
thorough debridement, in which internal fixtures were
removed, and inflammatory granulation, necrotic tissues
and dead bones were eliminated. The wound was soaked
with 0.5% iodophors solution and rinsed with normal
saline repeatedly. Periosteum peeling was avoided or
as little as possible. The broken ends of fractured bone
were appropriately cut out and the medullary cavity was
kept patency.
After debridement, autologus cancellous bone trans-
plantation was performed if bone defect was≤3.0 cm.
The exposed bone ends were covered with pedicled
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musculocutaneous flap.1 The broken ends of the frac-
tured bone were reposited and connected tightly, fol-
lowed by fixation with the coupled external fixator. For
those having tibial nonunion but a healed fibula, the
fibula had to be cut off obliquely before the tibia was
fixed. A douche tube was placed at the superior area of
the wound for persistent rinse of 7-10 days. At the same
time, a drain was placed at the inferior area for dis-
charge of the irrigated liquid.
RESULTS
Among the 12 cases, 10 achieved primary wound
healing; 2 having exposed tibia due to soft tissue de-
fect was treated by regional flap transposition and at
last the wound was healed. All the patients reached
bony union at 6-12 months (8 months on average)
postoperatively. Postoperative follow-up of 1-3 years
showed that these patients returned good function and
no infection recurred.
Typical case
A male patient, 38 years old, was admitted to our
hospital on April 21, 2006. He had been injured by a
traffic crash 43 days before transferring to our hospital
and had an open fracture on the left leg. He received
debridement and external fixation with a plaster slab in
other hospital; however, the fractured bone failed to union
but exposed after operation and hence he was trans-
ferred to our hospital. Physical examination found an 8
cm×6 cm skin ischemia at the anteriomedial aspect of
middle-upper segment of the leg. The tibia and partial
fractured ends were exposed without osteotylus growth.
Purulent excretion was flowing out from the wound. Bac-
terial culture and drug sensitivity test as well as dress-
ing change were conducted. Surgical debridement was
performed after the excretion decreased to clear out
the necrotic tissues thoroughly, rinse the wound
repeatedly, reposite fractured bone and fix it with the
coupled external fixator. A drain was indwelled and
meanwhile skin flap transposition was performed
(Figures 1 and 2).
Anti-infective therapy was administered as routine
postoperatively. The discharged rinse liquid was ob-
served closely and assayed. The drainage tube was
withdrawn on the 7th day after operation if two times of
lab tests were normal. The patient was asked to
ambulation on the 8th day. After discharge from
hospital, he was rechecked bimonthly and at the same
time the external fixator was adjusted in order to pre-
vent angulation deformity. Bony union was confirmed
radiologicaly in the 11th month and external fixator was
withdrawn. The patient recovered well till now without
any signs of infection or dysfunction of the leg.
Figure 1.  A man with an open fracture of the left tibial plateau.
Postoperative photographs at 1 year and 2 months showed dis-
united bone and exposed internal fixation.
Figure 2. The bone was reduced and f ixed with the coupled
external fixator and meanwhile gastrocnemius flap transposition
was performed after debridement and internal fixture removal.
DISCUSSION
Infected long bone nonunion and defect are often
induced by mismanaged severe primary wound and
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fractures. Infection is the main cause of bone nonunion.
Many factors may result in infected nonunion, such as
severe open fractures without thorough debridement or
malmanagement. Early internal fixation may cause in-
fection that is often difficult to control and liable to re-
sult in nonunion. A staged operation is generally imple-
mented in treatment of infected nonunion, i.e. the first
is to control infection and eliminate necrotic tissue, the
second is to perform bone graft, which is time consum-
ing and costly. Moreover any internal fixture is prone to
infection. Death may happen in some serious cases
because of septicemia, septic shock, or renal function
failure. Splintage and plaster external fixation are liable
to cause limitation of joint motion, stiffness, and may
affect the management of infected wound surface.2 Trac-
tion and fixation need long term bed-bound, which may
also lead to joint stiffness or other complications. We
deem that an ideal therapy is to control infection and
meanwhile to cure bone nonunion and defect. External
fixation technique used in this series can obviate above-
metioned disadvantages, and facilitate infection con-
trol and bony union.
Thorough debridement is crucial in surgical treatment
of infected bone nonunion, which usually consists of re-
section of sinus, elimination of excretion and inflamma-
tory granulation tissues, removal of internal fixture and
dead bone. It is impossible to eradicate infection if the
internal fixture is not withdrawn.3 In this study, after ac-
complishment of these procedures, we used 0.1%
bromogeramine and 0.5% iodophore mixed solution to
soak the wound for 5-10 minutes. It has been confirmed
by lab test that there was no bacterial growth on the
tissue surface after this management. In addition, per-
sistent postoperative rinse with saline is also manda-
tory for control of wound infection.
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The external fixator absorbs the merit of internal and
external fixations and overcomes their weakness. It can
provide firm and stable fixation without the harm of
wound infection. Therefore it can be widely used in
fractures, bone nonunion and limb lengthening, espe-
cially in infected open fractures. Our experience in us-
ing the fixator is that the pin point should be at least 5 cm
away from the fractured end. The position of the frac-
ture reduction, alignment, and pressure put on the frac-
tured site should be adjusted at any time based on X-
ray findings. Postoperative 3 days, patients are allowed
to do functional exercises and ambulate. The usual care
for the nail tract is to wash wound by mixed solution of
saline and dioxogen with the ratio of 1:1, twice a day.
The external fixator is withdrawn after bony union is
definitely confirmed.4 Considering these advantages and
good results achieved in these patients, we recom-
mended using coupled external fixator in the treatment
of infected bone nonunions.
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